Introduction
There is a current debate concerning the appropriate size of capital requirements for banks to mitigate system-wide losses, and the economic trade-off associated with raising more capital. Admati and Hellwig (2014) propose that financial institutions should raise their capital levels by 12% from current levels, 2 arguing that banks are unconstrained in their capital funding. The Bank of England (2016) has proposed to increase minimum capital levels via a systemic importance buffer of up to 2.5%. 3 These numbers are in addition to the capital maintenance buffer and countercyclical capital buffer under Basel III. However, as equity is costly the trade-off between the costs and benefits of raising capital is controversial. Higher capital is often associated with higher funding costs 4 and lower lending volumes, which in turn leads to lower economic activity.
In this paper, we analyse the dynamics of loan loss rates and the interactions of such dynamics on banks' capital buffers and system resilience using a sample of Australian banks. In addition, we also examine the implications of raising capital for banks' funding costs and profitability. We define capital buffers as the difference between the observed capital of banks and the minimum capital requirements.
Australia offers a unique setting to study the link between systemic risk and capital buffers as it overcomes the data constraint faced in many other economies for which bank data has not been collected through periods of significant financial distress for a wide cross-section of banks. The finding of variations in systemic risk for different time periods can hence, be extrapolated and read with interest for many other open economies with limited downturn data, which in total comprise a significant proportion of global banking assets. In this study, systemic risk is defined as the common shock to loan loss provisions in excess of anticipated loan loss provisions and existing capital levels. The detailed prudential data collected by the Australian Prudential Regulation Authority (APRA) on Australian Deposit-taking Institutions is paramount to our objective to better understand the impact of bank capital on system-wide losses.
Our study contributes to the existing banking literature (in particular within the Asia-Pacific region) on banks' credit losses and their interactions with financial system resilience and capital buffers in several ways. Firstly, we provide empirical evidence on the role of the inclusion of economic downturns in measuring systemic risk. To the best of our knowledge, this study is the first that analyses the systemic risk of the Australian banking system whilst accounting for business cycles. We highlight the importance of using an economic downturn period in the analysis of bank loan losses. The evidence further suggests a possibility that banks that have adopted the internal ratings based (IRB) approach using recent data do not fully account for the likelihood of banking crises in their internal models and consequently may be undercapitalized during financial crises under the Basel capital adequacy framework.
Secondly, we quantify the relationship between banks' capital buffers and the size of the financial safety net. Most extant studies examine the direction of this relationship (see for instance, Thakor, 2014), yet few have looked at this aspect in measurable terms. Using our simulation study, we measure the size of financial safety nets based on the capital buffers and show that there is a non-linear impact on system resilience for larger capital buffers. The size of the Australian financial system protection schemes is measured by computing the absolute losses (in excess of capital buffers) in the system. These losses are not explained by loan loss provisioning models and hence, serve as a reflection of unexpected risk. Specifically, we examine two unconditional loss measures for systemic risk − Value-at-Risk (VaR) and Conditional Value-at-Risk (henceforth, Expected Shortfall). Our findings support the moderate capital buffer increase of about 2% on top of current levels as proposed by the Bank of England.
Thirdly, we are able to affirm that higher loss rates lead to higher funding costs faced by banks, while the funding costs decrease as banks' capital buffers increase. Specifically, an increase in banks' capital buffers is associated with a reduction in the cost of debt financing. Furthermore, we also document a slight decrease in loan growth following an increase in capital levels. The results contribute to the debate regarding the trade-off between the benefit of lowering banks' funding costs and the reduction in credit supply within the banking sector.
The paper proceeds as follows. Section 2 summarises the relevant literature that motivate the current study. Section 3 outlines the data. Section 4 describes the research design, and presents the main empirical results and robustness checks. Section 5 discusses the controversial impacts of higher capital requirements. Section 6 concludes the paper.
Related literature

Financial system resilience
Our study relates to the growing literature on financial resilience. System resilience refers to the ability of the financial system to withstand or recover from losses, should they incur. The impact of system-wide losses on the real economy can be measured by examining the interconnections between the financial markets and various industry sectors. Banks are documented as the industry group that has most systemic risk in Australia (Dungey et al., 2014) . Other international studies also apply different methods for systemic risk modelling (Walmir et al., 2017) . For instance, Souza (2016) models the Brazilian banking system as a network of banks mutually exposed, in which the medium-sized banks can impose a significant contribution to systemic risk.
As shown in prior studies, systemic risk levels can also be used to provide early warning signals for ensuing financial crises and is closely related to future economic downturns (Allen et al., 2012; Zhang et al., 2015; Acharya et al., 2017) .
Studies on Asia-pacific countries have mainly focused on market-based approaches to measuring systemic risk. Using equity price information, Fong et al. (2011) and Wong et al. (2011) assess the systemic risk, based on the Conditional Value-at-Risk, of the Hong Kong banking sector using loan loss provisioning and Merton default probabilities, respectively. To understand the build-up of systemic losses within a financial system, recent papers also measure the interconnectedness between banks and different sectors in the Australian economy and international markets (Dungey et al., 2016; Anufriev and Panchenko, 2015) . More recently, Roesch and Scheule (2016) develop an econometric model to analyse systemic risk in relation to bank lending for Asian economies using bank portfolio loss rates.
The related literature on bank financial resilience (Brownlees and Engle, 2017; Adrian and Brunnermeier, 2016; and Acharya et al., 2017) relies on traded share prices and credit default swap spreads that are available only for a small number of larger sized banks and this severely limits the usefulness of these existing systemic risk measures. Brownlees and Engle (2017) propose an index (SRISK) to capture the systemic risk contribution of a financial firm and the aggregate financial system using public information on market and firm returns. This index is measured by the expected capital shortage that a firm would experience in times of a substantial market decline, which is related to the conditional equity loss (i.e. Marginal Expected Shortfall).
Similarly, Acharya et al. (2017) look at an individual bank's contribution to systemic risk by measuring its systemic expected shortfall (SES) using bank assets, and the book and market value of equity. This SES measure is interpreted as the expected amount that a bank is undercapitalized in the event that the whole system is undercapitalized.
On the other hand, Adrian and Brunnermeier (2016) suggest an alternative systemic risk measure, which is the conditional Value at Risk (CoVaR) of a financial sector conditioning on whether a bank has had a VaR exceeding loss. The main distinction between the systemic risk measures of Adrian and Brunnermeier (2016) and Acharya et al. (2017) is that the CoVaR measure looks at the system's stress given that an individual firm is experiencing stress, while the latter analyses a financial firm's stress conditional on a systemic stress. Their empirical analysis also uses equity prices for US publicly traded financial institutions.
